INTRODUCTION
In recent decades, agricultural production in Brazil has drastically risen. According to the World Trade Organization, in 2014, Brazil was the third largest exporter of agricultural products in the world: In 2013 alone, total agricultural product exports for Brazil equaled 90,664 million US dollars, over a fivefold increase as compared to the 15,464 million US dollars in exports Brazil had in the year 2000 [WTO, 2015] . Agricultural workers are constantly exposed to occupational toxins via contact with the skin, inhalation, and ingestion, which along with rigorous farm work and precarious work and psychosocial conditions can be detrimental to the health of workers [Cordes and Foster, 1988; Pratt, 1990; WHO, 1990; El Batawi, 2003; ZukiewiczSobczak et al., 2013] . The rise in agricultural work in Brazil and other developing countries has sparked the interest of health professionals about long-term effects of exposure to chemicals used in agriculture. Cancer, in particular, has been a topic of discussion among international researchers in regards to the risks associated with agricultural work and whether stressors associated with the nature of the work, particular dietary, or substance use habits, or potentially harmful occupational toxins may play a role in cancer morbidity and mortality. Certain cancers have been repeatedly found to be more common in agricultural workers than in the general population, especially non-Hodgkin's lymphoma, leukemia, lip, stomach, brain, and prostate cancers [Blair et al., 1992; Blair and Zham, 1995; Viel et al., 1998; Pearce and McLean, 2005; Mills and Yang, 2007; Mills et al., 2009; Ragin et al., 2013] .
Although farm workers may experience several distinct risk and lifestyle factors for cancer that may contribute to these higher rates, one potential contributor is their frequent contact with toxic substances and pollutants. Agricultural workers often utilize fertilizers, fuels, oils, engine exhausts, zoonotic microbes, and other hazards that may impact the carcinogenic process and other long-term health effects [Blair and Zahm, 1995; El Batawi, 2003; ZukiewiczSobczak et al., 2013] . These exposures can be especially risky in developing countries where there is limited education regarding safe handling of neurotoxic and carcinogenic substances and little regulation to ensure safe working conditions [Rathinam et al., 2005; Kesavachandran et al., 2009; London, 2011] . Special attention has been given to the potential harms associated with the rise in pesticide use in Brazil in recent years. Reports by FAOSTAT suggest that in 2013 Brazil was the top world consumer of insecticides, herbicides, fungicides, and bactericides [FAOSTAT, 2015] . Just in the past decade alone, pesticide consumption in Brazil has increased significantly: While in 2002, Brazil used 599.5 millions of liters of pesticides, by 2011 this number rose by almost 50% to 852.8 million liters. Pesticide use has also risen in proportion to the amount of agricultural production is it used for: From 2002 to 2011, Brazil went from using 10.5 to using 12 L of pesticides per planted hectare [ABRASCO, 2010] . Certain pesticides have been found to be carcinogenic through their activation of oncogenes and through their disruption of the actions of tumor suppressor genes that in turn can lead to uncontrolled cell proliferation and tumor formation [Vakonaki et al., 2013] . Studies linking pesticide exposure and cancer have mostly focused on the actions of organochlorines, but other classes of pesticides, including organophosphates, carbamates, and pyrethroids have also been linked to carcinogenic mechanisms and to higher risk for cancers in population-based studies [George and Shukla, 2011] . Still, data regarding cancer incidence varies greatly between studies and the relationship between the particular lifestyles of agricultural workers, exposure to occupational toxins, and the risk of cancer remains poorly understood. Despite the country's heavy agricultural production, there is limited research in Brazil exploring the relationship between agricultural occupations and cancer. Preliminary studies have shown that Brazilian agricultural workers may be at higher risk for certain types of cancers: Chrisman et al. [2009] found that areas in Brazil with more pesticide sales showed a significant correlation with mortality rates for leukemia, and cancers of the prostate, soft tissue, lip, esophagus, and pancreas. Stoppelli and Crestana [2005] found an almost two times higher probability of developing cancer among rural workers as compared to non rural workers in São Paulo, with cancers of the skin and digestive system being the most prevalent. A study in Southern Brazil found that agricultural workers were at significantly higher risk of dying from esophageal cancer than non-agricultural workers [Meyer et al., 2011] . MirandaFilho et al. [2012] observed that in Rio de Janeiro state, agricultural workers were at higher risk of brain cancer mortality than non-agricultural workers.
Rio de Janeiro, in particular, has a large and concentrated agricultural community in the Serrana Region, which is a lead producer of fruits, vegetables, and flowers, crops that demand continuous use of several types of pesticides and other chemicals [Camara et al., 2008; Miranda Filho et al., 2014] . It has been estimated that workers in this region may be exposed to up to 56 kg of pesticide/year [Peres et al., 2001] . Organophosphates, carbamates, pyrethroids, and other pesticides that have associated with certain cancers are commonly used for agriculture in this region [Meyer et al., 1999; Rangel et al., 2011] , and it is has been suggested that the soil may still be contaminated by certain carcionegenic organochlorines even though they were officially banned from use in Brazil in 1985 [Paumgartten et al., 1998 ]. And while laws exist to limit workers' exposure to dangerous toxins, in reality, little enforcement exists on the ground to regulate the marketing and handling of these products.
A study on cancer mortality in the Serrana Region by Meyer et al. [2003] found that between 1979 and 1998, there were higher mortality rates from stomach and esophageal cancer among agricultural workers from this region when compared to non-agricultural reference populations in both local municipalities and other cities in Brazil. As agricultural production in Brazil has been rising since this study was conducted [WTO, 2015] , we aimed to re-explore mortality rates in the Serrana Region and investigate how death by cancer and other health complications has changed over time in comparison to local and other urban populations. In this study, we add new mortality data from the Serrana Region for the 1999-2013 period and investigate whether agricultural workers continue to be at higher risk for certain cancers and other negative health outcomes.
MATERIALS AND METHODS
This study adapted the methods described by Meyer et al. [2003] in order to compare mortality data on cancer and other causes of death among agricultural workers and three non-agricultural worker reference populations in Brazil. As in the aforementioned paper, the primary study population included male agricultural workers aged 30-69 from six municipalities in the Serrana Region of Rio de Janeiro, including Teres opolis, Nova Friburgo, Bom Jardim, Cantagalo, Duas Barras, and Sumidouro. Together, these municipalities span an area of 3,609 km 2 and have a population of 416,821 people, of which about 17% live in rural areas [IBGE, 2010] . This region contains the largest concentration of agricultural production in Rio de Janeiro State with an estimated 6,274 establishments that produce crops. About 5.3% of workers in this region are involved in agricultural activities [IBGE, 2006] , and the illiteracy rate in the region is around 13% [IBGE, 2010] . Unlike many other agricultural regions where migrant workers perform much of the work, the Serrana Region is characterized by mostly long-term and family run farming with little geographic mobility between workers. Thus, this region makes for an appropriate area to study the long-term effects of agricultural exposures.
Mortality data for the study population were compared against three reference populations: The general nonagricultural worker male population of the local municipalities in the Serrana Region of study, the general non-agricultural worker male population of the capital city of Rio de Janeiro, and the general non-agricultural worker male population of Porto Alegre, the capital city of the Southern state of Rio Grande do Sul. The local municipalities reference group was chosen to compare agricultural workers from the Serrana Region with non-agricultural workers with similar geographic and socioeconomic conditions. The Rio de Janeiro reference group was chosen due to the city's geographic proximity to the Serrana Region and yet very different socio-structural makeup as a large metropolitan and capital city. The Porto Alegre reference group was chosen due to the city's especially high incidence of cancers that can be used to recognize elevated cancer risk among the population of study.
Data on mortality from certain types of cancer, cardiovascular, and respiratory problems and external causes, along with age and sex were obtained for the study and reference populations for the years 1999-2013 using the Brazilian Health Ministry's National Mortality System, which classifies causes of death according to the International Classification of Diseases (ICD-10). Occupation codes 60-63, which include the categories, "administrators and overseers of farming and forestry," "agricultural producers," "multipurpose agricultural workers and similar occupations," and "specialized agricultural workers" were used to distinguish deaths of agricultural workers from those of other occupations [DATASUS, 2008] . In accordance with the National Council of Health resolution that establishes rules and regulations related to the ethics of research with human subjects in Brazil, IRB review was not deemed necessary due to the lack of identifying information on subjects from which mortality data were extracted [Conselho Nacional de Sa ude, 2012] .
Mortality between groups was compared by dividing the number of deaths for each cause of interest by the number of deaths from all other causes in that population, generating a death-by-cause ratio. This ratio was divided by the deathby-cause ratio of the reference population, generating a mortality odds ratio (MOR). Respective 95% confidence intervals (CI) were recorded for each MOR. The methods for calculating MOR has been previously described by Miettinen and Wang [1981] .
RESULTS
A total of 146,487 deaths for outcomes of interest were reported for males aged 30-69 between the years 1999 and 2013 and were included in our analysis. Table I presents number of deaths by specific cause and group as well as mortality odds ratios (MORs) comparing death-by-cause ratios of the study population with those of the three reference populations. Overall, total cancer mortality among the study population was similar to that of the local reference population and that of the Rio de Janeiro reference population, and lower than that of the Porto Alegre reference population.
The most common forms of cancers among agricultural workers in the Serrana Region were stomach cancer (27% of cancer deaths) and esophageal cancer (25% of cancer deaths), with MORs indicating that agricultural workers in the Serrana Region are at significantly higher risk of death from these cancers as compared to all three-reference populations. Although lung cancer accounted for 10% of cancer deaths, agricultural workers appeared to be at significantly lower risk of lung cancer mortality than their non-agricultural worker counterparts in all three reference groups. Prostate cancer was another common cause of cancer mortality among agricultural workers (10% of cancer deaths), but there was no significant difference in risk as compared to the three reference groups. For liver, pancreatic, and colon cancers, agricultural workers appeared to have significantly lower risk of death as compared to the Porto Alegre reference group, but showed no difference in mortality risk as compared to the other reference groups.
Agricultural workers had a similar risk of death from cardiovascular problems, respiratory problems, and external causes as the local reference group, but significantly higher risk of death from these causes than the Rio de Janeiro and Porto Alegre reference groups.
Table II presents number of deaths by specific cause as well as MORs for cancer and other mortality causes of interest among younger males aged 30-49. Risk of any cancer mortality was significantly higher in the study population than in the local and Rio de Janeiro reference groups and similar to that of the Porto Alegre reference population. The most common death by cancer among the study population was stomach cancer (36% of cancer deaths), and mortality odds was almost threefold that of the local reference population and as much as fourfold that of the Rio de Janeiro and Porto Alegre reference populations. All other cancer mortalities did not show a significant difference between study and reference populations. Within this age group, agricultural workers were at lower risk of death by external causes as compared to the Rio de Janeiro reference group, while at a higher risk of death from cardiovascular problems than the Porto Alegre reference group.
Table III presents number of deaths by specific cause as well as MORs for cancer and other mortality causes of interest among older males aged 50-69. This age group had cancer mortality similar to that of local and Rio de Janeiro reference groups and slightly lower than that of the Porto Alegre reference group. Esophageal cancer was the most common form of cancer mortality among this group (accounting for 30% of cancer mortalities), and mortality was significantly higher among the study population than all three-reference populations. Stomach cancer was the next most common form of cancer mortality (24% of cancer mortalities), significantly higher than the Rio de Janeiro and Porto Alegre reference groups. Prostate cancer mortality, responsible for 13% of the cancer deaths in this group, was similar as compared to the three reference groups. Lung cancer accounted for 12% of all cancer deaths in this study population. However, risk of lung cancer mortality was significantly lower in the study population than in the Rio de Janeiro and Porto Alegre reference groups and borderline lower than in the local reference group. Liver and Colon cancer in the study population had a very low mortality risk as compared to the Porto Alegre reference population, and pancreatic cancer had a lower mortality risk as compared to both the Rio de Janeiro and Porto Alegre reference populations, but these results were based on a small number of deaths from these cancers in the study population. Bold values are significant at P < 0.05.
As compared to the local reference group, agricultural workers of this age group were at higher risk of death from respiratory problems, and as compared to the Rio de Janeiro and Porto Alegre reference groups, agricultural workers were at higher risk of death from cardiovascular problems, respiratory problems, and external causes. The graphs in Figure 1 display MOR and respective confidence intervals for esophageal and stomach cancer mortality among the study population as compared to the local (Part A), Rio de Janeiro (Part B), and Porto Alegre (Part C) reference populations in the time periods of 1979 (MOR data for 1979 are based on results presented by Meyer et al. [2003] ). These graphs show that over the last decades, mortality risks from esophageal and stomach cancer have been consistently higher among the study population than non-agricultural workers in all reference groups, and that these disparities appear to be on the rise.
In Part A, the graph shows that the study population has had a consistently higher MOR for esophageal cancer as compared to the local Serrana Region reference population since the 1979-1998 period. The MOR for stomach cancer appears to have risen since the 1978-1999 period, with the odds of mortality becoming statistically significantly higher than that of the reference group in the most recent study period. In Part B, the graph shows that since the 1978-1999 period, both esophageal and stomach cancer mortality have been consistently higher among the study population as compared to the Rio de Janeiro general population. Although confidence intervals for MOR overlap between the two time periods, the MOR appears to have generally risen in recent years. In Part C, the graph shows again that both esophageal and stomach cancer risk have been consistently higher among the study population relative to the Porto Alegre general population, and that the MOR for both esophageal and stomach cancer has increased in the most recent time period, although the confidence intervals still overlap with those of the MOR from the earlier period.
DISCUSSION
In the current study, we aimed to update the literature on mortality in the Serrana Region of Rio de Janeiro and discuss its possible association with occupational risks of working in agriculture. In concurrence with previous decades' findings in the Serrana Region, results display that in the years 1999-2013, agricultural workers ages 30-69 were at highest risk for stomach and esophageal cancer mortality, with mortality odds among this group being higher than in all three reference groups. Mortality for both these cancers has been consistently high over the last few decades, suggesting ongoing disparities in cancer mortality between agricultural workers and non-agricultural workers, and that these disparities may be growing. Among the younger study population of agricultural workers aged 30-49, our findings for stomach cancer mortality were most alarming because this is a relatively young age group for cancer mortality. Stomach cancer accounted for over a third of cancer deaths among this group, with agricultural workers presenting much higher mortality as compared to all three reference populations. As mortality was more elevated in agricultural workers than even the local Serrana Region non-agricultural workers, this suggests workers' risk for stomach cancer may be directly related to their status and lifestyle as an agricultural worker and not necessarily regional habits or exposures that affect the entire population. Among the older study population of agricultural workers aged 50-69, findings suggest esophageal cancer is not only the most common cause of death from cancer among this group, but that cancer mortality is significantly higher among the study population than non-agricultural workers in this and other regions. The high mortality by esophageal cancer as compared to the third-reference group of nonagricultural workers in Porto Alegre is especially notable as Rio Grande do Sul, the state of which Porto Alegre is the capital, experiences some of highest rates of esophageal cancer in the country [Pinto et al., 2003] . Again, the high odds of esophageal cancer among agricultural workers as compared to non-agricultural workers in the local Serrrana Region suggests workers may experience certain risk factors related to their status as an agricultural worker that may increase mortality risk for this cancer.
Stomach and esophageal cancers are, respectively, the current third and fifth most common causes of cancer mortality in Brazil (GloboCan, 2015) , and such cancers of the digestive system have been repeatedly associated with farm work in Brazil: In a case control study, Meyer et al. [2011] found that agricultural workers in Brazil were at significantly higher risk of esophageal cancer mortality as compared to nonagricultural workers. In a study on pesticide exposure and cancer among rural workers from São Paulo, cancers of the digestive system represented 36% of the cancer cases found among workers, of which six cases were specifically of gastric cancer, implying these cancers are common among agricultural workers in other parts of Brazil as well [Stoppelli and Bold values are significant at P < 0.05. , 2005] . International studies have also found associations between agricultural exposures and higher risk for these cancers. Lee et al. [2008] found that regions in South Korea with higher farming indexes had higher rates of esophageal and gastric cancers. Colt et al. [2001] found excess deaths by esophageal, stomach, and others cancers among U.S. farmworkers. In Taiwan, Huang et al. [2012] found that farmers, gardeners, and workers with exposure to dust were at high risk for esophageal cancer. In Sweden, studies have found associations between pesticide exposure, in particular, and increased risk for esophageal and stomach cancer [Ekstr€ om et al., 1999; Jansson et al., 2006] . Certain pesticides such as trifluralin, chlorthalonil, and dichlorvos have been associated with gastric tumors [Cocco et al., 1996] . In a study of Hispanic workers in California, Mills and Yang [2007] found gastric cancer to be elevated in farm workers that had been exposed to herbicides 2,4-D and trifluran, insecticides chlordane, and malathion, fungicides mancozeb, and maneb, fumigants methyl bromide, or acaricide propargite, chemicals of which many are classified as possible and probable carcinogens by the United States Environmental Protection Agency. While there is limited information on the exact types of pesticides used in the Serrana Region, certain fungicides listed above, such as mancozeb have been specifically cited as being used by workers in the surrounding regions [Meyer et al., 1999; Rangel et al., 2011] . Other agricultural exposures that have been associated with elevated risk for gastric cancer include organic and inorganic dusts, fertilizers, and diesel fuels [Cocco et al., 1996] , but limited information exists about the exposure to such chemicals specifically in the Serrana Region of Brazil.
Crestana
It is possible that other lifestyle factors may be implicated in the higher observed odds of cancer mortality. Dietary habits, for example, including the high consumption of dietary nitrate, has been associated with esophageal and gastric cancers [Lijinsky, 1999; Pinto et al., 2003; Berretta et al., 2012; Palladino-Davis et al., 2015] , and alcohol and tobacco use have been repeatedly associated with the pathologies of such cancers both in Brazil and elsewhere [Gammon et al., 1997; Kollarova et al., 2007] . Agricultural workers may also have higher rates of exposure to Helicobacter pylori, which is a known risk factor for stomach cancer and that has been observed to be more prevalent among some rural populations [Elitsur et al., 1998; Ito et al., 2001] . Growing disparities in cancer mortalities may also reflect socioeconomic disadvantages and stressors that can impact the health of rural workers [Peres, 2009] . This may include difficulty in accessing health services and infrequent monitoring of health [Silva et al., 2005] , which may be especially relevant to esophageal and stomach cancer, which progress rapidly, have low recovery rates [Holmes and Vaughan, 2007; Kollarova et al., 2007; Brenner et al., 2009 ] and may be difficult to diagnosis at early stages [Palladino-Davis et al., 2015] . However, due to the limits of information available about the subjects in this study, we could not investigate these factors among our study population.
Consistent with findings from previous decades, lung cancer was one of the most common causes of cancer death among the Serrana Region study population, and yet agricultural workers appeared to be at a significantly lower risk for lung cancer mortality than all three reference groups. The especially lower odds of mortality from lung cancer as compared to the Porto Alegre reference group is consistent with the generally lower prevalence of smoking rates in the state of Rio de Janeiro as compared to the state of Porto Alegre that have been reported in national surveys [Minist erio da Sa ude, 2004] . This also concurs with findings from other studies that have found a lower incidence of lung cancer among farm workers [Blair et al., 1992; Fincham et al., 1992; Levêque-Morlais et al., 2015] . Lower rates of FIGURE 1. Mortality odds ratios and 95% confidence intervals comparing Serrana Region agricultural workers to three reference populations over two study periods; 1979^1998 and 1999^2013. Part A compares study population to Serrana Region non-agricultural workers, Part B compares study population to Rio de Janeiro nonagricultural workers, and Part C compares study population Porto Alegre nonagricultural workers.
lung cancer as well as generally lower rates of cardiovascular and respiratory problems among agricultural workers have been hypothesized to demonstrate a "healthy worker effect" that results from lower rates of smoking among this group and workers' overall healthier diet and engagement in physical activity [Blair et al., 1992 [Blair et al., , 2005 Levêque-Morlais et al., 2015] . Moreover, since early scientific findings [Henderson and Enterline, 1973] , workers have been found to have lower lung cancer rates in manufacturing settings when exposed to endotoxins, an integral component of the outer membrane of the cell walls of gram-negative bacteria, whose inflammatory-induced pathways have protective effects against lung cancer [Lenters et al., 2010] .
Interestingly, while farm workers in the Serrana region had lower lung cancer mortality relative to other groups, they were at higher risk for mortality due to respiratory and cardiovascular problems than the two urban reference populations. This is in contrast to previous findings by Meyer et al. [2003] in which agricultural workers had similar or even lower odds of death from cardiovascular and respiratory problems than non-agricultural worker reference groups, and suggests that farmers may not be experiencing the same benefits that were once assumed to come along with rural lifestyles. Epidemiological studies have found associations of occupational pesticide exposure with asthma and chronic bronchitis [Mamane et al., 2015] and several other respiratory problems including wheezing, airway irritation, dry, or sore throat, cough, breathlessness, and chest tightness [Ye et al., 2013] . A review found that pesticides may act as sensitizers or irritants that directly damage the bronchial mucosa and increase bronchial hyper-responsiveness [Hern andez et al., 2011] . Such exposures, combined with increasing smoking rates among Brazilians and changes in Brazilian diet ], may help account for the rising cardiovascular and respiratory problems observed among this group. The higher risk of death from external causes among the study population, which include injuries and poisonings, is also consistent with results from previous decades. The high odds of these deaths among agricultural workers as compared to the urban populations is especially alarming among older populations. The cause for such high odds of death by external-causes among this group should be further investigated.
The current study contains several limitations. First off, the databases from which mortality data were gathered do not contain information on socioeconomic factors, alcohol, dietary, or smoking habits of subjects, so we could not control for these confounding factors that may play an important role in cancer morbidity and mortality. The nature of this ecological study also did not allow us to determine direct associations between agricultural exposures and cancer mortality: While most Brazilian farms in the Serrana Region utilize pesticides and other chemicals, we cannot determine to what extent the agricultural workers included in this study came in contact with specific toxins during their working life. Moreover, information is not available regarding the specific types of chemicals workers are exposed to in the region so we could not determine whether particular toxins may be involved in the abnormal mortality rates observed. Despite these limitations, the consistency of these results with previous years' data and with mortality risk patterns generally found among agricultural workers support the robustness of our findings.
CONCLUSION
The current study adds valuable data on mortality in a region with intensive agricultural production in the state of Rio de Janeiro, Brazil. Our results largely corroborate the findings from the previous 2003 study in the Serrana Region by Meyer et al. [2003] and suggest that agricultural workers are experiencing high rates of mortality from esophageal and stomach cancers as compared to non agricultural workers and that these disparities may be rising. While agricultural workers have previously shown lower rates of mortality from injuries and cardiovascular and respiratory problems, mortality from these causes is becoming more common and appears to be even surpassing that of local and urban non-agricultural workers, emphasizing the need to investigate the source of these changes. More controlled studies that take into account individual, lifestyle and occupational risk factors are needed to understand the causes of such higher mortality rates in this region and help plan appropriate interventions to protect the health of workers.
AUTHORS' CONTRIBUTIONS
NK contributed to analysis and interpretation of the data and drafted the manuscript. ASES contributed to the acquisition, analysis, and interpretation of the data. JL contributed to the conception of the work and reviewing the manuscript. AM contributed to the conception and design of the work, and to reviewing and revising the manuscript. All authors approved the final version of the manuscript and agree to be accountable for all aspects of the work.
FUNDING
There was no external funding provided for this study.
ETHICAL APPROVAL AND INFORMED CONSENT
In accordance with the National Council of Health resolution that establishes rules and regulations related to the ethics of research with human subjects in Brazil, IRB review was not deemed necessary due to the lack of identifying information on subjects from which mortality data were extracted [Conselho Nacional de Saude, 2012] .
DISCLOSURE (AUTHORS)
The authors report no conflicts of interest.
DISCLOSURE BY AJIM EDITOR OF RECORD
Steven Markowitz declares that he has no competing or conflicts of interest in the review and publication decision regarding this article.
